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RESUIES OF TESTS TO DETERMImR REACTION C(RTROL STSTD4

(Rcs) WOZZLE Em'mCTSON _n 0_SITE_1'Ol_EBOI_ASCE_

AERODYNAMIC HEATI_ RATES D'SI/_ A O.04-SCALE MODEL

(83-0) IN _IE AMES RESEARCH C_RTER 3.5 FOOT HYPERSCIIC

WIWD_ (OH53A)

by

W. H. Dye, Rockwell

A_ST_ACT

Results of test OH53A conducted to determine RCS nozzle effects on

the orbiter forebody ascent aerodynamic heating rates are presented in

this report. Testing was conducted in the NASA Ames Research Center

3.5 foot hypersonic wind tunnel. The model used was a O.04-scale

representation of the Rockwell International I_OC configuration orbiter.

Data were recorded from over 300 thermocouples at Mach numbers of 5.2 and

5.3 with Reynolds numbers of 1.5 and 5.0 x 106 respectively. Angle-of-

attack was varied from -5° to I0 ° while angle-of-sideslip was set at

0 ° and -12 °.
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INDEX OF DATA FIGURES (Concluded)

COEFFICIENT SCHEDULES:

(A) h/hre f or hi/h u vs. x/£

(B) h/hre f or hi/h u vs. R/Rre f

(C) h/hre f or hi/h u vs. X/£ w

(D) h/*hre f vs. X/Xre f

(E) h/*hre f vs. Y/Yref

(F) h/*hre f vs. R/Rre f

(G) h/*hre f vs. x/£ N



NOMENCLATURE

PLOT
SYMBOL

C

CO, C I, C 2

Cp

H
aw

H t, HT

horH

h i

href

hu

h s or hs
href

h/hs(X.XXX),
h/href

MNEMONIC

B@T CL

F.S.

HAW

HT

HW

HI

HU

HREF

H/HREF

DEFINITION

thickness of model skin, inches

bottom centerline

specific heat of model skin, Btu/ibm-°R

constants in curve fit for "C" over model

wall temperature range

specific heat of air stream (perfect gas

value) Btu/ibm-°R

fuselage station, in.

adiabatic wall enthalpy, Btu/ibm

free-stream total enthalpy, Btu/ibm

enthalpy based on model wall temperature

for given T/C location at initial time,

Btu/ibm

heat transfer coefficient at model wall for

given T/C location, ibm/ft2-sec.

interference (disturbed) heat transfer

coefficient, ibm/ft2-sec

h/hre f from the referenced T/C for a parti-
cular nozzle (when nozzles filled)

undisturbed heat transfer coefficient,
ibm/ft2-sec

stagnation-point heat-transfer coefficient

for reference sphere, ibm/ft2-sec

ratio of model heat-transfer coefficient to

heat-transfer coefficient of reference sphere

for Haw/H t = x.xxx



NOMENCLATURE(Continued)

PLOT
SYMBOL

L or Lre f

LN

Lw

M_

P_

Pt

qs

R

R s or Rre f

Re_/ft

Re_L or REL

RUN

MNEMONIC

LN

LW

MACH

M.S.

CML

P

PT

QDOT

QREF

R

RS

RAY NO

RN/L

RCS

RUN

DEFINITION

model reference length - ft. = 4.229

(L = 1845.53 inches x .0275 = 50.752 inches

for OH53A)

length from nozzle throat, in.

window length, in.

free-streamMach number

model station, in.

orbital maneuvering line

free-stream static pressure, psia

free-stream total pressure, psia

heat transfer rate at model wall for given
T/C location at initial time, Btu/ft_-sec.

_i = h (Haw-Hwl)

stagnation point heat-transfer rate for

reference sphere at initial time,

Btu/ft2-sec" qs = hs (Ht-Hwi)

local radius, ft.

reference sphere radius at model scale

equivalent to 0.3048 meters (i.0 ft.) for

a full scale vehicle. R s = .0275 ft. for
OH53A.

Ray number

free-stream Reynolds number x 106 per foot

free-stream Reynolds number based on model

reference length L.

reaction control system

run number



PLOT
SYMBOL

SCALE

St(x.xxx)

T

T t

Tw i

T/C

t

ti

V

W

X

Xref

X/Xr_ f

or X_XRE F

Xo

X/L or

X/Lref

Y

Yref

MNEMONIC

SCALE

STN NO

T

TOP

TT

TW

T/C NO

TIME

V

X

XREF

X/XREF

XO

X/L

Y

YREF

NOMENCLATURE (Continued)

DEFINITION

scale value (.040 for _H53A)

Stanton number based on free-stream flow

conditions and model heat-transfer coeffi-

cient for Haw/H t = x.xxx

temperature, °R

top centerline

free-stream total temperature, °R

model wall temperature for given T/C

location at initial time, OR

thermocouple

time, sec.

initial time (before model insertion into

flow) extrapolated from f(T w) vs time, sec

velocity, ft/sec

density of model skin material, ibm/ft 3

longitudinal distance, in.

reference longitudinal distance, in.

longitudinal location, fraction of

longitudinal reference length

longitudinal distance in orbiter reference

system, in.

longitudinal location, fraction of

reference length

lateral distance, in.

reference longitudinal distance, in.

i0



PLOT

SYMBOL

Y/Yr-f

or Y_YREF

Yo

Z

Zref

Z/Zref

or Z/ZRE F

Zo ZO

GREEK SYMBOLS

SUBSCRIPTS

aw

i

PG

MNEMONIC

Y/YREF

YO

Z

ZREF, ZR

Z/ZREF

ALPHA

BETA

THETA

PHI

RHO

AW

NOMENCLATURE (Continued)

DEFINITION

lateral location, fraction of lateral

reference length

butt plane distance from orbiter centerline,
in.

vertical distance, in.

reference vertical distance, in.

vertical location, fraction of vertical

reference length

water plane distance

angle-of-attack, degrees

angle-of-sideslip, degrees

angular position of T/C measured clockwise

viewing forward; top meridian 0 = 0o, degrees

orbiter angular measurement, deg.

viscosity of air

aerodynamic shear stress

density of air

adiabatic wall

initial value before model insertion into

tunnel flow

perfect gas (Calorically and thermally

perfect gas)

ii
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NOMENCLATURE (Concluded)

PLOT

SYMBOL MNEMONIC

SUBSCRIPTS (Continued)

S

t, T

n

w

oo

DEFINITION

reference sphere or stagnation value

free-stream total condition

nozzle

model wall value, window

free stream condition

12



CORFIGURATIOrS INVESTIGATED

The 83-0 model is a O.0_-scale replica of the forward 50 percent of

the Rockwell International I_0C configuration orbiter. Fuselage and

cargo bay vent, in addition to forward SOS nozzle penetrations are simu-

lated. The model is instrumented with over 300 thin-skin thermocouples

distributed over the surface of the orbiter, in and around penetrations

and around selected protuberances. These thermocouple locations are

identified in Figures 2a through 2m and Table IV.

The main model structure is 17-4 PH stainless steel. The model

instrumentation reference system is shown in Figures la through ic.

Model components defining the configuration tested are:

B60 - 50_ orbiter forebody

CI0 - configuration _ canopy and windshield

Dimensional details for these components are given in Table III.

13



TEST FACILITY DESCRIPTION

The NASA-Ames 3.5-#oot Hypersonic Wind Tunnel is a closed-circuit,

blowdown-type tunnel capable of operating at nominal Mach numbers of 5, 7,

and 10 at pressures to 18OO psia and temperatures to 3_OO°R for run times

to four minutes. The major components of the facility include a gas

storage system where the test gas is stored at 3000 psi, a storage heater

filled wlth aluminum-oxide pebbles capable of heating the test gas to

3400°R, axisymmetric contoured nozzles with exit diameters of _ inches

for generating the desired Mach number, and a 900,O00-ft 3 vacuum storage

system which operates to pressures of 0.3 psia. The test section itself

is an open-jet type enclosed within a chamber approximately 12 feet in

diameter and _0 feet in length, arranged transversally to the flow

direction.

A model support system is provided that can pitch models through an

angle-of-attack range of -20 to +18 degrees, in a vertical plane, about

a fixed point of rotation on the tunnel centerline. This rotation point

is adjustable from i to 5 feet from the nozzle exit plane. The model

normally is out of the test stream (strut centerline 37 inches from tunnel

centerline) until the tunnel test conditions are established, after which

it is inserted. Insertion time is adjustable to as little as 1/2 second

and models may be inserted at any strut angle.

A high-speed, analog-to-digital data acquisition system is used to

record test data on magnetic tape. The present system is equipped to

measure and record the outputs from 80 transducers in addition to 20

channels of tunnel parameters.

14



DATA _u'rlON,

All test data were reduced at the NASA-Ames Research Center using

the data-reduction techniques outlined below. The thermocouple data were

reduced using the one-dimensional, thin-wall equation:

= Webd-_-= h (Haw- _w)=_t (l)
_Ht H t

which neglects heat-conduction losses.

Assuming that W and h are constant and

c = Co * Cl _w * c2 _ for_w _es (2)

the integration of equation (i) for t = t i to t and Tw = Tw i

to Tw yields the linear equation:

h-Cp
- WC'aw b (t - tl)

where it is defined that:

(Tw - Twi)

and

(s)

T'aw - Haw =_ --Ht Haw >_ (Taw)P o (It)
Cp Cp H t

C'aw = Co + C I T'aw + C2 T' 2aw

specific heat at adiabatic wall temperature.

The form of Equation (3) is f(Tw) = mt + a where m is the slope and

(5)

a is the intercept for a straight line if heat-conduction errors are

negligible. Thus, deviations from a straight line can indicate heat-

conduction effects.

*Data Reduction section provided by William K. Lockman,
NAS_ ?_es ReseArch Center

15



DATA REDUCTION (Continued)

The slope, m, of f(T w) vs t from Equation (3) is computed by a

least-squares, straight-line fit over a finite time interval (approxi-

mately i second) beginning when the model reaches uniform tunnel flow.

The value of heat-transfer coefficient, h, is then determined from:

WC 'awb
h = -- m (6)

Cp

Using this value of h, the heat-transfer rate is evaluated at the initial

time, tl, when the model is isothermal at the initial wall enthalpy_ Hwi

= qi = h (Haw - Hwi) =_ t_Ht - _] (7)

where Haw/Ht is the same value used to evaluate h. The resultant value

of q is independent of the value of Haw/H t used for both the h and

evaluations.

The reference sphere heating is also evaluated at the initial wall

enthalpy by the method of Fay and Riddell.

qs = hs (Ht " Hwi) -= hs Ht .0 Ht /

The model-to-sphere ratio of heat-transfer coefficients is then

determined from Equations (7) and (8) as

..-. _ Hwi/Ht] (91hs qs w/Ht

where qi is constant for all values of Haw/Ht• To determine h/hs for

various values of Haw/Hr. the particular value of Haw/Ht is substituted

16



DATA REDUCTION (Concluded)

into Equation (9).

The Stanton number is defined as

h _i

St - p-_ = PU(Haw _ Hwi) (lO)

where for free-stream conditions, Pu = P_v_ .

The calculations of the model heating, reference sphere heating, and

Reynolds number included the corrections of NACA report 1135 for

calorically imperfect, thermally perfect air. Keyes equation for

viscosity was also used for the sphere heating and Reynolds number corn-

o.o232 x lO-6 T°.5
-- 22o (n)

i + -_- x Io-9/T

putatlons:

where the units for T and # are OR and lb-sec/ft 2, respectively.

17
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TABLE T.
I I I II

TEST : CS53A (ARC 3.5-216) ]

TEST CONDITIONS

DATE : April 1976

MACHNUMBER

5.2

5.3

REYNOLDSNUMBER

(perunitlength)

1.5 x lO 6

5.0 x 106

DYNAMICPRESSURE

(pounds/sq.inch)

3.27

STAGNATIONTEMPERATUR[

(degreesFahrenheit)

1300°R

io.68 13oo°R

BALANCEUTILIZED"

NF

SF

AF

PM

RM

YM

NO1TE

CAPACITY:
COEFFICIENT

ACCURACY: TOLERANCE:

COMMENTS:

19
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TABLE II. (Continued)

DATA SET

4th CHAR.

A

B

C

D

E

F

G

H

I

J

K

L

M

N

¢

P

Q

R

S

T

U

V

W

DESCRIPTION

Cavity 3

Surface near Cavity 3

Cavity 4

Surface near Cavity 4

Surface near Protuberance 5

Surface near Cavity 6

Surface near Cavity 6

Cavity 7 Z/ZR = 0.0

Cavity 7 Z/ZR = 0.25

Cavity 7 Z/ZR = 0.50

Surface near Cavity 7

Cavity 8

Surface near Cavity 8

Cavity 9

Surface near Cavity 9

Fwd. Nozzle down firing

Aft Nozzle down firing

Lwr. Nozzle side firing

Up Nozzle side firing

Cntr. Nozzle fwd. firing

Left Nozzle fwd. firing

Left Nozzle up firing

Cntr. Nozzle up firing
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TABLEII. (Concluded)

DATASET
4th CHAR. DESCRIPTION

_ML near Upper RCS

_ML near Side RCS

Canopy

Misc. Canopy

Hatch and Window

Cargo Bay Hinges

Bottom Centerline

Top Centerline
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TABLE Ill. MODEL DIMERSIORALDATA

MODEL COMPONENT: BODY - B60

GENERAL DESCRIPTION: 50_ orbiter forebody, vehicle 140(:.

NOTE: This body includes a small portion of the wing glove.

MODEL SCALE: 0.0hO

DRAWIRG NI_4BER: VLT0-OO01_)C

DIMENSIONS: _ SCALE

Length 645.15

Max Width 330.00

MODEL SCALE

25.8o

13.2o
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TABLE III. MODEL DIMENSIONAL DATA (Concluded)

MODEL CCMP0_ERT:

GENERAL DESCRIPTION:

B25. six glass panes in windshield.

MODEL SCALE.. 0.040

DRAWING NUMBER: VLTO-OOOI_OB, ibXgC, 202B

DIMENSIONS:

Length (Xo = 434.643 to 670), in.

Max Depth (Glass), in.

Nose/windshield intersection, Xo =

CANOPY - CIO

Configuration 4 canopy and windshield as used with

FULL SCALE MODEL SCALE

235.357 9.414

28.00 1.12

43_.643 17.386
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Table IV. ThermocoupleLocations

FUSELAGEVENT NO. 1 (&9-1, Figure 2a)

No.

lO

ii

13

_L

15

Z_

19

876

877

878

879

2O

88O

_1

8P2

883

21

_PL

F_5

88_,

88"7

Zo

366.63

366.63

366.63

357.13

361.63

361.63

356.63

356.63

348.34

Xo

786.5

796.5

801.5

776.5

8O3.5

8O8.5

80 3.5

808.5

79O .0

XREF

YREF

X Y Z SKIN

X/L XREF YREF ZREF THICK-
NESS

O. A26&

O.&3A2

o.L3_O

O.hl_

O. A396

o.&L3L

O. &396

o. _L3A

O. &291

M.S.

O.68 IN.

O.AO IN.

O. 12 IN.

O. 176

O. 176

o.33_

o. 5OO

_r

o. 5OO

O. 669

O. 82A

J_

'I

0.725 0

o 5oo i_
!

0.275
I

0.050 i

o. 500

i
0.725

1

o.5ool i

I
0.2V5

I

O. O5O I

o. 5o0_ i

i

0.725 I

o. 5oo

o.z75 il

O. 824 O. O50 0

25

F.S.

17.O IN.

i0.0 IN.

3.0 IN.

0.0310

o. 0300

O. 0300

O. 0320

O. 0280

0.028O

0.0280

O. 028O

0.03oo

O.032A

O.0315

o.030_

O. 0297

o.o3&o

O.03AI

0.0336

O. 0335

O. 0322

O.O3_I

O, 03&2

O.03&.O

O. o334

0.0327

REF_.RKS

SURFACE T/C'S

q

SURFACE T/C' S

VENT T/C'S

[
I

'I

VENT T/C'S



Table I-_. Thermocouple Locations

FUSELAGEVENTNO.1 (£9-1, Figure 2a)

No.

i0

II

_3

it

IV

19

_6

F'9

20

88O

882

8_3

21

_PA

88_

88"7

Z N

366.6])

3/6.63

3x(,._3

Xo

786.5

v96.5

801.5

X

X/L XRE F

O.A26A

O.A3A2

O. A3gO

35". 13 7"_F. 5

36'1._3 F_3.5

361._3 F_O_.5

356-63 803.5

356'. 63 808.5

3/_(a. 3L 790.0

O.$1e'_

O.A396

O.&A3A

0._396

O.AL3_

O.&291

XREF

YREF

%F

M.S.

O. 68 IN.

O.AO IN.

O. 12 IN.

O. 176

_L

'I

O.176

0.33A

0.5OO

wk

'r

O. 5OO

O. 669

O. 82&

AL

IV

O. 82/

26

Y Z SKIN

YREF ZREF THICK-
NESS

-- --- O.O310

-- -- O.O3OO

_ -- O. 0300

-- -- O. 0320

-- _ O. 028O

-- -- 0.0280

-- -- 0.0280

-- -- 0.028O

-- -- 0.03OO

0.725 o o.o3_

o. 50o _k o.o315

0.275 o.o3oz_

O.O 50 O.0297

O. 500 : O. 03AO

0.725 O.03AI

O. 500 O. 0336

0.275 0.0335

0.050 0.0322

O. 500 O. O3&l

0.725 0.03A2

O. 50o o. o3_0

0.275 ir o.o33 

0.050 0 0.0327

F,S.

17.O IN.

i0.O IN.

3.0 IN.

REMARKS

SURFACE T/C' S

k

'I

SURFACE T/C' S

VENT T/C' S

VENT T/C'S



Table IV. ThermocoupleLocations (Continued)
Fuselage Vent No. 49-3 (Figure 2b)

7/c
NO.

2_

30

32

33

34

35

37

39

40

L$

45

L8

49

50

54

55

Z o

i,

X/L

749.0

759.0

769.0

?64.0
769.0

739.0

769.0

752.5

SKIN

THICKNESS REMARKS

T/C
NO.

r._

58

59
62
66

67
68

_88

392.63

392.63

392.63

386.13

387.63

383.13

382.13

373.63

3v&.O5

3vL.05

366.55

360.70

360.70

353.20

353.20

0.3974
O.AO 52

O.4129

0.4090

0.4129

0.3897

0.4129

O.4001

M.S. F.S.

XpF,F = 0.68 IN. 17.O IN.

YREF = 0.52 IN. 13.O IN.

ZREF = 0.12 IN. 3.0 IN.

| ,

0.03oo SURFACE T/C 'S

o.o31o
0.0285

0.0295

0.0295

0.0305

0.0305
0.0326

0.0281

Protuberances &3-A-7 (Figure 2c)

688.65

696.15

696.15

673.73

696.15

688.65

696.15

0.3508

0.3566

O.3566

O.3392

0.3566

0.35O8

0.3566

0.0304

0.03oo
0.0310

0.0305

0.0325
0.0340

0.0315

Sublimator Vent No. 1 (Figure2d)

SURFACE T/C' S

-0.5

I
ZO i XO

i

369.13 632.5

363.63 634.5

358.13 632.5

363.63 619.5

372.63 636.0

370.38 623.25
363.63 623.25

363.63 1632.0

RRE F = 0.i IN.

' X/L

I

i

SKIN

THICKNESS

SURFACE T/C'S

O.0270

0.0295

O.03OO

0.03oo

0.0275
0.0275
0.0270
0.0265

1
o.3074
O. 3089

o.3075
O. 2973

O. 3101

0.3157

o.3128
o.3050

3.0

3.0

3.0

5.0

7.0

5.0

2.0

M.S., 2.5 IN. F.S.

DEC].

135
•180

215

0

135
157.5

180

180

REMARKS
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TlC
NG.

73
7L,

?5

RRQ
"76

291

_R

81

R93

ROL_
RO0

toO2

R2

RO 6

_06

809

_I0

811

81L

815

Zo

351./,
351.t,
3&2.8

I--

--I

3&2._
3_,2.8
3L2.8

33z,. 2

II

--I

II

i

Table IV. Thermocouple Locations (Continued)

FUSELAGE VENT PANEL NO. 7 (FIGURE 2e)

565.1
5'_2.6
5/.,7.9

562.6
565.1

572.6

565.1

--I

I--

--I

X/L

0.2552
O. 2610

O. 2/,19

0.2513
0.2552
O. 2610

0.2552

X

XREF

u

IQ

0.25

O. 50

0.75

0.2S
0.25

0.25

O. 50

O. 5O

O. 50
0.75

0.75
0.75
1.00

Y

YREF

Z

ZREF

--I I--

--o ----

1.0 O. 50

1.0 O. 50

1.0 O. 50

0.70 0

0.1,5
O. 20

0.70

O.L5
O. 20

0.70

0._5

O.20

O.7O O,25

o._5 0.25
O. 2o O.25
O.70 O. 50

0._5 O. 50

O. 2O O. 5O

O.0290

O.0271

0.0285

O. 03 i0

O. o310

O. 0310

O. 0310

O. 0317

0.0305

0.0312

O. 0260

O. 0260

O.0260

O.0260

O.0260

O.0260

O. 0260
O. 0260

O. 0260

0.0310
o. 0305
O.0310

0.0315

O.0310

0.0315

FLOOR

FLOOR
FLOOR

TOP WALL

AFT WALL ROW
AFT WALL RO T̂ i

AFT WALl, ROW i

AFT WALL ROW 2

AFT WALL ROW" 2

AFT WALL ROW 2

XREF

YREF

ZREF

O.AO0 IN.

O.288 IN.

iO.O IN.

7.2 IN.
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T/C
No.

85
8_

896

89v

_9
90

91

92

Q_

q,.

98

9Q

900

10]

8c_

103

lOA

Table IV. Thermoeouple Locations (Continued)

ACCESS HATCH wiNDow (2A-_) (FIGU_ 2Z)

RREF

1.73

0.66

0.33

O.OO

1.73

3.90

2.L5

1.73

3.90
2.A5

1.73

0.6_

0.33

0.66

0.33

l. V3

o. 50

DF£;.

9O

9O

112.5

135.O

135.O

135.O

180.0

ISO. 0

270.0

270. O

337.5

O.O

SKIN

THICKNESS

o.o3o 5

O. 0302

O. 0297

o.o3oo
0.0329

o.o3o 5
O. 0307

O.O316

O. O291

O. O31A

O. 031A

O.O310

o. 032O
O. 0296

O.O295

O. 0294

O. 023 5

RAY 2

RAY 2

RAY 2

CENTER

RAY 3

RAY L

RAY 4

RAY A

RAY 5

RAY 5

RAY 6

RAY 6

RAY 7

RAY 1

REMARKS

M.S. F.S.

RR} F 0.275 IN. 6.875 IN.

T/c
N O.

SLY

8AP,

eA9

113

115

i17

ii_

]19

] 20

121

122

9O2

9O3
9OL

9O5

123
9O6

QO7
908

_16

FUSELAGE VENT PANEL NO. 3 AND NO. 1 (FIGURE 29)

-_ _ iii • h. ,

Z C

397.5

377.5

373.5

3_3.5
3_ .o
36_ .0
359.5

359.5
359.5

Xf_

37 5.13

382.63

37 5.13

382.63

392.13

AO _ •13

&22.13

LI?. 2 5

A21.25

392.13

LO3.57
_o7.9o

X/L X

XREF

Y

YREF

O. 109o

o. 115o
O. 109o

O.1150

O.1215

O.1331

O.lhA7

O.lh09

O.iAA2

0.1215

0.1303

0.1337
0.33

0.33

0.33
o. 50
o. 50

O. 5O

O. 66

O. 66

0.66

F,S.

13.o IN.

i0.O IN.

33.0 IN.

XRE F =

YREF "-"

ZRE F ="
•- -"g': -.Tr" -.i_'-_- -

M°S.

0.52 IN.

0.hO IN.

0.12 IN.

0.80

O.55
O.3O
0.80

0.55

o.3o
0.80

0.55
0.30

Z

ZREF

0

Ir
0

SKIN

THICKNESS

o.03 lO

0.03oo
0.0335

O. o310

0.0257

0.0278

0.0258
O. 0310

o. 0290
0.028O

0.027 5

0.0279
O. 028O

0.03oo
o.o33o
0.0280

o.03OO

O. 03AO

0.029O

O. 0310
o.o3_o

SURFACE T/C' S

l

I

SURFACE T/C'S

VENT T/C'S
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Table IV. Thermocouple Locations (Continued)

RCS NOZZLES

(SIDE AND DOW_'TARD FIRING - FIGURES 2h AND 2i)

"',O.,'.N4A:-IP;IR]NG NOZZLES (FUSELAGE SIDE - FORWARD NOZZLE)

T/C L__
No. LN

?]9 2.56

_20 i. 56
021 2.13

(DEG)

2vO

2"70

ISO

180

SK IN

THICKNF_S

o. 0260
O.0300
o.0360

O.03OO

O. O3OO

RF$_ARKS

0.2 IN. Y.qD OF 0 DEG. REF ON NOFFLE

•-, _"G (FU,qFLAGE CTD_ AFT NOZ7LE)

-_22 --

q23 3.32

a2L 2.76

£25 2.19
£2_ 1.62

_7" ].O5

_-'2P 0.48

n2c 0.8_
_30 1.2S
_31 1.99

g33 2.£2

2",'0

2"70

1_0
180
180

0

0.0270

O.O&O0

O.OA I0

0.038O

O.0370
O.02/,0

O.0230

O.0230

0.0230

o. 03OO
O. 0300

O. 0310

BF_'Z,_E ,_] DOWN FIRING NOZZLF

T rT'VSIDF FI_!NG NG,, I.E_ (FUSELAGE SIDE - LOWER NOZZLE.)

_,34 i. 19

_35 O. 5v

a36 I.I/*

837 I.19

P'3_ 1.19

270

0

9O
180

180

O.0280

0.0280

0.0285
0.02_

O.0280

31Ol."F/PING NOZ:"L_, (FUSELAGE SIDE - UPPER NOZZLE)

q39 1.25

PnO i. 14

_&l I.]A

_l, 2 0.57
,%3 o.94
_A& --

270

180

0

180

90

0.0295

O. 03O0

t
o.0300
0.032O

LN = LENGTHFROMNOZZLETHROAT
TO _/A*= 22 (s.8 IN. _.s.)
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CFNTERFORWARDFIRING

T/C i
NO.

85_

_53

852

85_

871

87O !

8_9
868

855

S56

NOZZLE

L

LN

4.83
4.&O

A.OO

3.55
3.13

1.99

0.48
0.00
O.51

1.14

2.13

1.70

LEFT

LEFT

FORWARD FXRING

S60

861

862

i
I

U_¢ARD FIRING

863
86A

865

•866

NOZTLE

_.69

2.41
2.70

2.13
0.O

0.85

NOZZLE

0.20

0.26

O._8
O.OO

CENTER UPWARD

872

8_3

87&

87 5

FIRING NOZZLE

0.07

0.09
o. 17
o.oo

Thermocouple locations (Continued)
RCS NOZZLES

AND U_,VARD FIRING - FIGURE 2J)

27O

'V
27O

9O

9O

0

0

270

27O

0

0

0

90

O

9O
180

O

0

9O
180

0

SKIN

THICKNESS

0.o31o
0.0260

0.0270

O.0280

0.028O

o. 0303

O.0351

o.o323

O.030&

0.0306

O. 0305
0.0306

0.0305

O.O331

0.0295

O.O291

O.O3&3

O.O125

O.O35A

0.0332

0.0365

0.0294

0.0384

0.0403

0.0532

0.0305

REMARKS

(CENTER)

(CENTER)

(CENTER)

(CENTER)
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Table IV. Thermocouple Locations (Continued)

0ML 5_IAR UPPER RCS NOZZLES (FIGURE 2k )

T/C v

NO.

i__ -] :.0

i_.0 ¢I_,0

i'2 -15.0

Xo

315.0

326.7

357.0

361.5

X/L

O. 0619

O. 0"09

O. 0943
O.O978

SK IN

THICKNESS

O.0303
0.0280
O.0240
o.o315

RFMARKS

_3AN.');'Y

T/C _AV

No. , N('.

i'-8 --
L_Q --

181 1

182 I

i_3 --

i_.g --

L_ _ 2

l_f 2

IP- 2

188 --

Ipo 3

100 3

191 3

192 --

193 --
194 n

195 A
196 4

197 --

198 --

199 5

200 5

201 5
202 --

203 6

20L 6

205 6

206 --

207 --
208 7

209 7

210 7

(FIGURE 21)

x/L,

O. 8_3

O. 500

O. 157

O. 828

O. 500

O. 172

O. _0_

O. 5OO

O. 192

O. 826

O. 500

O. IV&

0.859

O. 5OO

0.141

O. 88O

O. 5OO
O. 120

O. 885

O. 5OO
0.115

SKIN

THICKNESS

O.O310

O.O320
O.0260

O. 0300

O. O310

O.O3]O

O. 0305

O.O315
O. 0200

O. 03o0

o.o3oo

0.0315

O.0325

O.028O

O.0330

0.0300

0.0295

O.0310

O. 0290

O.0300
O. 026O

O. 029O

O. O3OO

0.0325

O. 0320

O.0320
0.0270

0.0325

0.0320

0.0315

O. 0310

0.0305

O. 0305
O. 0295

REMARKS

L = 1.275 IN. M.S.: 31.87,5 IN. F.S.

= 1.275 IN. M.S.: 31.875 IN. F.S.

Lw = 1.275 IN. M.S.; 31.895 IN. F.S.

Lw = 1.160 IN. M.S.; 29.0 IN. F.S.

Lw = 1.160 IN. M.S.: 29.O IN. F.S.

Lw = 1.160 IN. M.S.: 29.O IN. F.S.

Lw = 1.O40 IN. M.S.- 26.O IN. F.S.

Lw = 1.O40 IN. M.S.; 26.O IN. F.S.

Lw = l.OAO IN. M.S.; 26.0 IN. F.S.

Lw = 1.150 IN. M.S.; 28.75 IN. F.S.

Lw = 1.150 IN. M.S.; 28.75 IN. F.S.

Lw = 1.150 IN. M.S.; 28.75 IN. F.S.

Lw = 1.420 IN. M.S.; 35.5 IN. F.S.

Lw = 1.420 IN. M.S.; 35.5 IN. F.S.

Lw = 1.420 IN. M.S.; 35.5 IN. F.S.

Lw _- 1.660 IN. M.S.; 41.5 IN. F.S.

Lw = 1.660 IN. M.S.; 41.5 IN. F.S.

Lw = 1.660 IN. M.S.; Ai.5 IN. F.S.

Lw = 1.740 IN. M.S.; 43.5 IN. F.S.

Lw = 1.740 IN. M.S.; &3.5 IN. F.S.

Lw = 1.740 IN. M.S.; &3.5 IN. F.S.
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CANOPY

T/:
NO.

(CONT'D)

RAY

NO.

211 --

212 --

213 g

21A

215 8

216 --

21" --

218 9

219 9

22O 9

221 --
222 --

223 --

FS CAPE

Table IV. Thermocouple Locations (Continued)

to-

O. 861

O. 5OO

O. ihO

_w

o.825
O. 5OO

O. 175

i

SKIN

THICKNESS

O. 0315

0.0285
0.0305

o.o310
0.0320

O.0310
0.0295

O.0318

O.0330
O. 0330

0.0270
O.0260

O.0295

im i ,.

REMARKS

Lw = l.hhO IN.

Lw = l.aaO IN.

Lw = l.&&O IN.

_w

--o

M.S., 36.0 IN. F.S.

M.S.; 36.0 IN. FeS.

M.S.: 36.0 IN. F.S.

--g

M.S.; 28.5 IN. F.S.

M.S.; 28.5 IN. F.S.
M.S.: 28.5 IN. F.S.

Lw = i.i_O IN.

_,= 1.1LO IN.
Lw = I._O IN.

HATCH & WINDOW

T/c Xo Yo
NO.

X/L SKIN REMARKS

THICKNESS

22A L85.0 7.6 O. 1993

225 /,90.0 7.6 0.1972

226 &85.0 18.0 O. 1933

227 i90.O 18.0 O. 1972

228 &85.0 30.6 0.1933

229 Ago. 0 30.6 O. 197 2

230 5A_. 5 ii. 0 O. 2A16

231 559.5 ii.0 O. 2509
232 567.0 ii.0 0.2567

233 5_2.0 ii. 0 O. 2606

23& 5&7.5 23.0 O. 2A16

235 559.5 23.0 0.2509

236 567.0 23.0 O. 2567

23_ 572.0 23.0 O. 2606

0.02A5 HATCH

o.o25o
0.0225

O.O285 II0.029O
O.027 5 HATCH

O.03 iO WINDOW

O.0315
O.03AO _L

o.03 50
O.0310

O.0310 Ir
0.0370

O. 0360 WINDOW

CARGO BAY HINGES

T/C XoNO.

2AO 602.3

2Al 607.3

2A3 597.3

251 737.3
255 7&2.3

257 732.3

(FmUa 

Zo x/L

HINGE NO. i

AlS.0

AlS.O

A05.0

O. 28&0
0.2879

O. 2801

SKIN
THICKNESS

&15.O
&15.0

&o5.0

HINGE NO. 3

0.38_
O.3961

o.38A5

33

0.032

0.0315

O.O27&

o.o3_
o.03&

0.0302
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Table IV. Thermocouple Locations (Continued)

CARGO BAY HINGES (CO_:T'D)

HINGE NO.

T/C

26;_
I

2(q

2"]

(H]NCFS 2 &

Xo

850.6
855.6

845.6

Zo

415.0

415.o

405.0

4 NOT MONITORED)

X/L

0.4760

0.4799

0.4721

SKIN

THICKNESS

0.032

O.O32

O.0291

RF¥_RKS

BOTTOM CENTERLINE

T/C
T,]f".

' )

278

2PI

2_6

2R8

2PQ

290

2c]

2qP

2_3
2qA

2q_

Y

240.25

TOP CEWFERLINE

X/L

0.0041

3C-_

37"

3_

3"9

3_2

3PL

345

3_

3RR

389

390

3q]

392

393

39_

395

396

3W

398

399

400

401

402

269.00

284.25

300. O0

364.330

42_.995

493. 660

558.325
622. 990

6_ .E55

7 52.320
816. 985

0.0263

O.O381

O.O 503

O. iO0

O. 150

O. 200

O. 25O

o. 300
o. 35o
O. AOO

O. 450

23 5. O0
266.75
2_1.00

313._5

32P,. 25
33P.0
35'7,. O0
366.? 5

345.oo
389.5o
394.25
399.oo
403. ?5

408.00

&13.O0

417.50

422.25

426. _ 5

431.50

436.25

439.63

443.00

&46.50

O. 0000
O. 0246
0.0278
0.0609
O. 0"721
o. 0'7,9_
O. 07 89
O. 1019

O. 1160

O. 1195

O. 1231
O. 1268

O. 1305

O. 1338

O. 1376

O. 1411

O. 1448

O. 1483
0.1519

0.1556

O. 1582

O. 1608

O. 1635

SKIN

THICKNESS

O. 0290
0.0285

0.0180

0.0215

0.0215

O. 0250

0.0280

O. 0260

0.0273

0.027 5

0.0230
O. O260

O. 0290

0.032
O. O26O
0.028O
0.0270
O. 0310

O. O3OO

O. O3OO

O. 03oo
o.o25o

O. 0245

0.0315

0.032o
o.o33o
0.0325
O.03 i0

0.0325
0.0325
O. 032O
O.O33O
0.029O

0.0280

0.028O

O. O275

STAGNATION T/C

REM_RKS

34



TOPCENTF'RLINE

T/c
NO.

_O3

_05

LOT

LOS

LO9

410

LII

LI2

a13

LI5

a17

L!9

_21

L23
L25

Table IV.

Xo

450.25

453.75

4 5v. 50

461.00

463.7 5

466. _ 5

471. 7 5

L76. CO

48O. O0

4_4.75

490.OO

500. OO

525. 993

558.325
590. _58
855.323
719. 988

_SL. 652

849. 318

Thermocouple Locations (Concluded)

X/L

O. 166&

O. 1691

O. 1720

0.17A8

O. 1769

O. 1800

O. 1831

O. 1863

O. 189&

SKIN

THICKNESS

0.0275

O. 0270

0.0265

0.0285

O. 03oo

O. 0320

0.0325

0.038O

0.0335

REMARKS

O. 1931
0.197.2

O. 2049

O. 2250

O. 250

0.275

0.325

0.375

0.425
0.47 5

i

0.0330

O. 03OO

O. 0310
O.0210

O. 0260

O. 0330

O. 0330

0.0335

0.0320

0.0330
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Xo

X0 = 0
xo = 235

Zo = 40O

a. Orbiter

Figure i. Axis systems.
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Y_PF s _

/

<_ X REF
I

_# ja_-- #P#P

"I_F t S s

FUSELAGF _.L _

XREF' TREF' AND ZREFVAL:,_-_

FO_ EACH RECTANGULAR P:_NE-
TRATION APP__ARON T/C
LOCATION A TABLES

COORDI_:AT_..SYSTE_ FOR T/C'S IN CIRCULAR" PENETRATIONS

0 DEG. D_G

2'70 D_. REEF [ VALUES FOR EACH CIRCULAR PENETRATION
TREF GIVEN IN T/C LOCATION TABLE

b. Penetration Tnermocouple Reference System

Figure i. Continued.
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SIDE n_INC (UPPERAND LO_R)

90 DEG.

0 O__C. 180 DEG.

<_ F,R...A,_ 27o D._.G.

LOOKinG INTO NOZZLE

DtY_CWARD FIRING (FORW.ARD AND AFT)

90 DEG.

0 DEG. 180 D_.

_ FOR'WA PJ) 270 DEG.

LOOKING INTO NOZZLE

FOR;';APJ]FIRING (LEFT AND CE;,PrER)

90 DEG.

0 DEG.

LOOKING AFT (INTO NOZZLE)

180 DEG.

UPWARD FIRING (LEFT AND CENTER)

90 EG.

0 DEG. 180 DEG.

8

_ FQRWARD

LOOKING DOW%I (INTO NOZZLE)

NOZZLE REFERENCE LENGTH (ALL NOZZLES)

CML

SCARF

!

I

I

I

LN = 8.8 IN. F.S.

THROAT DIAMETER

c. RCS Nozzle Reference System

Figure I. Concluded.
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FU3_:U,GEVZ_m_0. i (49-I)

ALL T/C ;'HE SI'_,CED USIrrG A

0.2 l_Z. .M.S. C._ID ULrLESS

I:OTED Cf1:EH_.qSE
TOP VIEW

A

o

0.2 Xo= 75"0

° en
A 0.2 .

__ l(, W

+. 0.12

z :.357.13

.,,g

........... X

,,_7";;_,,/////,.... 8_6

877 jZO

879

88O 88&

18 _ 885

882" 886
887

883

x

d
/.

XR.EF = 0.68 IN. M.S.

YREF = O.AO IN. M.S.

SECTIOn; A-A " DI_'_SIO_SA_ O.O_O(_.S.)
LOC_TIO,'_3_,m_FULLSCALE

a. Fuselage Vent io. 1 (_9-I)
Figure 2. Model sketches.
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• __f .... -•.

cm_ mY ;_rr _o. I (49-3) o.o4o sc;j_z

NOTE: ALL T/C'S /,RE LOCATED USING A 0.2 IN.
M,S. GRID PA?rKRN UNLESS NOTED

OTHERkrISE.

TOP VIEW

28

._FO.RWf ED .0_2C )

3_h T

3o
O

0.62
• 0

i-"_ 34_,°c_

i _:_ Q--_-o if_
-Qy_ _r o.12

I °._

Dnamszo:_s ARE MODEL SC;LE (.0_)

2/////////!

/
/
/
t
/
/
/
./

SECT

LOCATIONS ARE FULL SCALE

//-I---0.52

XREF = O.68

YREF = O. 52

b. Cargo Bay Vent No. 1 (49-3)

Figure 2. Continued.
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SU_LI_,TOR v_r_r_o. I (44-i)

TOP VIEW

Xo = 627

_o
363.63

RAY 1

FORWARD RAY 2

/

0 DZG. 888 _I---0.2 _ .

RAY 5

'////>" /2-// _ o)2 F_2_72777---
"1

L'
z_z__ ,

d. Sublimator Vent No. 1 (_4-1)

Figure 2. Continued.
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•, ( 9)FU=_.vrGE ._-,,..,_,,,_,v,,O.7 28-

|
TOP VIEW

A

0.2

7//7///
/

/
/
/
/
/

/

/
/
/

0.2

889

. • 1

tOW i....i
_.GW2

89O

A

I

0.2
Xo = 556.

I

73
O. _

|

802
8930 0805

Bg_ O _ Ol_

I

I
_-/-7-/j////

-_-- O.288 _-_-

I

SECTION A-A

17
V

891
._- 0.2 -_

0.5

078

B_

I

I
ROW I R(_A 2

I /I/ // /

809 "813

_' 810 @IA

/

/

*' 811 815
I

I
I

. _

I

X_F T 0.2S8 IN. M..s.

YEEF = O.AO0 IN. M.S.

ZRE F = 0.288 IN. M.S.

DIM_I.31ONS ARE MODEL SCALE (.OhO)

tOC_TZO_S A_. FULL SCALE

e. l_eelmge Vent Panel No. 7 (28-9)

Figure 2. Continued.
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FULfII.AGE VEN'r PA:;EL NO. 3 AND riO..1

Xo: 390

TOP VIEW

o.oO5 --_- _-- o.2

113 _

o .173 --

_(_t5

o. 346

--_T/C'S SPACED EVERY 0.6"

Zo = 366 _.

o._77__ o.2_ O.52

9O8 _]r_0.40
6

SECTION A A

XRE F : O.&O IN. M.S.

YREF = 0.52 IN. M.S.

DZM_SZO_S ;mE MOnZL SCALE
(O.040)
LOCATIONS #_REFULL SCALE

g. Fuselage Vent Panel No. 3 and Wo. i

Figure 2. Continued.
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(PILOT) LEFT

i<./
4.1

/.

2"

. " . --":"_L---AM"-

J

J

I/

"

CENTER

3.3o, (rm,) --- • .I-o0-. _'
-- 855- 856 ._'_o

,6
°/

/

//

2.l

\ I

UFWARD
!

Thermocouple Locations on the Foz-_rd and Upward
Firing RCS Nozzles

/

UF_,'APd3

J. Cross-Sectional Views of Thermoeouple Locations

on the Forward and Upward Firing RCS Rozzles

Figure 2. Continued.
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o TO •

i

i. Canopy and Windshield Thermocouple Locations

Figure 2. Continued.
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APPEIDIX

Tabulations of plotted data are available on request from Data Management
Services.
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